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Abstract 

We report a rare presentation of a 66-year-old female with diffuse metastatic 
adenocarcinoma of unknown primary involving liver, lymphatic system and bone 
metastases. The neoplastic cells were positive for CK7 and OC125, while negative for CK20, 
thyroid transcription factor 1, CDX2, BRST-2, chromogranin, synaptophysin, estrogen 
receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 
(HER2/neu). Fluorescence in situ hybridization showed no amplification of the HER2/neu 
gene. Molecular profiling reported a breast cancer origin with a very high confidence score 
of 98%. The absence of immunohistochemistry staining for ER, PR, and HER2/neu further 
classified her cancer as triple-negative breast cancer. Additional studies revealed high 
expression levels of topoisomerase (Topo) I, androgen receptor, and ribonucleoside- 
diphosphate reductase large subunit; the results were negative for thymidylate synthase, 
Topo I l-ot and 06-methylguanine-DNA methyltransferase. The patient was initially treated 
with a combination regimen of cisplatin and etoposide, and she experienced a rapid 
resolution of cancer-related symptoms. Unfortunately, her therapy was complicated by a 
cerebrovascular accident (CVA), which was thought to be related to cisplatin and high serum 
mucin. After recovery from the CVA, the patient was successfully treated with second-line 
chemotherapy based on her tumor expression profile. We highlight the role of molecular 
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profiling in the diagnosis and management of this patient and the implication of 
personalized chemotherapy in this challenging disease. 



Introduction 

Carcinoma of unknown primary (CUP) is a biopsy-proven epithelial malignancy for 
which the anatomic site of origin remains unidentified after an intensive search. CUP is 
one of the ten most frequently diagnosed cancers worldwide, accounting for 
approximately 3-5% of all cancer cases [1, 2]. 

We report a rare presentation of a 66-year-old female, with diffuse metastatic 
adenocarcinoma of unknown primary involving the liver, lymphatic system and spine, 
who was successfully treated with chemotherapy based on her tumor expression 
profile. We highlight the role of molecular profiling in the diagnosis and management of 
this patient. 

Case Report 

Clinical, Radiologic, and Laboratory Findings 

A 66-year-old woman was hospitalized in April 2010 for generalized weakness and a 50-pound 
weight loss. Her history was notable for cholecystectomy and hysterectomy. She had a 15-pack/year 
smoking history but had quit six years previously. Her family history was negative for any cancer. She 
was not on any regular medications and had no allergies. The initial physical examination showed a 
cachectic female with a large left neck mass and enlarged liver. Breast and pelvic examinations 
revealed no suspicious lesions. Laboratory studies revealed the following values: aspartate 
aminotransferase 260 U/l [normal range (NR) 11-66], alanine aminotransferase 123 U/l (NR 15-46), 
alkaline phosphatase 1,372 U/l (NR 38-126), lactate dehydrogenase 783 U/l (NR 313-618), and 
albumin 2.8 g/dl (NR 3.6-5.0). In addition, the patient had elevated serum levels of CA 15-3: 642 U/ml 
(NR 0-31), CA 19-9: 128 U/ml (NR 0-35), CA 125: 4,533 U/ml (NR 0-35), and CA 27.29: 1,262 U/ml 
(NR 0-48). Computed tomography (CT) scans of the neck, chest, abdomen and pelvis showed left 
neck, supraclavicular area, thoracic inlet, gastrohepatic and retroperitoneal lymphadenopathy, along 
with left lower lobe pulmonary nodules, and diffuse liver metastases. Needle biopsies of one of the 
liver lesions were performed and demonstrated a poorly differentiated adenocarcinoma. Extensive 
workup searching for a primary tumor, including panendoscopies and mammogram examination, was 
negative. A fluorodeoxyglucose positron emission tomography (FDG-PET) study demonstrated 
multiple hypermetabolic lesions involving the left neck, superior mediastinal mass, and multiple 
segmental liver and skeletal structures. Magnetic resonance imaging (MRI) of the abdomen revealed 
multiple liver masses, with the largest measuring approximately 8 x 5 cm in hepatic segment 4. These 
masses were hyperintense on enhanced T2-weighted sequence. Additionally, there were enhancing 
lesions compatible with bone metastases in Til, T12, LI and L3 (fig, la). 

The patient was initially treated with a combination regimen of cisplatin and etoposide; she had a 
rapid resolution of cancer-related symptoms. In addition, zoledronic acid (Zometa®) was initiated for 
her metastatic bone disease. Unfortunately, her therapy was complicated by a cerebrovascular 
accident (CVA) 4 weeks after the initiation of chemotherapy. An MRI of the brain showed multifocal 
small infarcts in the right cerebral hemisphere involving middle cerebral artery distribution, the 
watershed area, and to a lesser degree, posterior cerebral artery distribution. Despite the dismal MRI 
findings, she eventually recovered from the CVA without any residual weakness. Six weeks after the 
CVA, chemotherapy was restarted and changed to FOLFIRI based on her tumor profile. A restaging 
PET-CT in March 2011 revealed complete resolution of hypermetabolic left lower lobe pulmonary 
nodules and osseous lesions, and near complete resolution of hypermetabolic liver metastases and 
neck masses (fig. lb). Subsequently, she received a total of 3,750 cGy in 15 fractions via IMRT (with 
concurrent weekly chemotherapy) to the residual left neck mass. In addition to her radiographic 
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response and resolution of cancer-related symptoms, her abnormal liver function tests, lactate 
dehydrogenase, and tumor markers also returned to normal range. 

Pathologic Findings, Serum Tumor Marker Analysis and Molecular Analysis 
A liver lesion biopsy demonstrated small cohesive clusters of atypical epithelial cells, 
predominately in portal areas, with rare foci of angiolymphatic involvement (fig. 2). Rare 
intracytoplasmic lumina were observed. The neoplastic cells were positive for cytokeratin 7 and 
OC125 (CA 125), while negative for cytokeratin 20, chromogranin, synaptophysin, estrogen receptor 
(ER), progesterone receptor (PR), thyroid transcription factor 1, CDX2, BRST-2 and HER2/ne«. The 
neck mass biopsy sample also showed a tumor with a similar morphology and immunoprofile. 

In order to identify potential therapeutic targets and biomarkers, further immunohistochemistry 
and molecular studies were performed. As demonstrated in fig. 3 . an immunohistochemistry study 
showed high-level expression of the following: topoisomerase I (Topo I; 2+, 10%); androgen receptor 
(AR; 1+, 20%), and ribonucleoside-diphosphate reductase large subunit (2+, 80%). The tumor was 
found to be negative forthymidylate synthase (TS), Topo II-oc, and 06-methylguanine-DNA 
methyltransferase. Fluorescence in situ hybridization was performed with a probe specific for 
HER2/neu and a probe for the pericentromeric region of chromosome 17 (Vysis) showed no 
amplification of this gene. 

Microarray analysis of RNA expression on formalin-fixed tissue was performed using the 
Pathwork® Tissue Of Origin (TOO) test (Pathwork Diagnostics, Sunnyvale, Calif., USA). The result 
showed that the tumor was consistent with breast primary, with a probability score of 98%. 



Discussion 

We describe a 66-year-old female with metastatic adenocarcinoma of unknown 
primary who had a near complete response to second-line chemotherapy FOLFIRI, 
which was selected based on her tumor expression profile. The molecular profiling 
demonstrated that the primary tumor most likely originated from the breast. The 
absence of staining for ER, PR, and HER2/neu further classified her cancer as triple- 
negative breast cancer (TNBC). 

CUP represents a real diagnostic problem and therapeutic challenge [1, 2]. Molecular 
profiling of tumors is a promising technique to improve the site of origin diagnosis in 
CUP patients [3]. When used in concert with clinical features and immunohistochemical 
stains, molecular profiling may provide the basis for more successful site-directed 
therapy for many patients [3-7]. A microarray-based gene expression diagnostic test, 
the Pathwork TOO test (Pathwork Diagnostics), analyzes the expression of 1,550 genes 
by applying normalization and classification algorithms to gene expression data from a 
microarray. In a blinded multicenter evaluation of 547 known primaries, the test 
exhibited an overall agreement of 87.8% with the pathologist-issued diagnosis [8]. In 
another retrospective cohort, the investigators evaluated the clinical utility of the 
Pathwork TOO test (Pathwork Diagnostics) in specimens from 21 patients diagnosed 
with CUP. In that cohort, the test demonstrated a probability to identify a single 
primary site in 16 (76%) of the cases [9]. 

Traditionally, cisplatin-based chemotherapy regimens have been used to treat 
patients with CUP. Unfortunately, our patient had a stroke after 4 weeks of therapy. 
Cisplatin [10], her large tumor burden and high serum mucin [11] may have 
contributed to her CVA. Remarkably, she recovered without any residual neurological 
complications despite initial MRI findings. One of the most interesting aspects of this 
report was the correlation of the expression profiles with the therapeutic response of 
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second-line chemotherapy. There is limited information on second-line therapy for CUP 
[2]. Empiric chemotherapy with carboplatin and paclitaxel would be less than optimal 
in patients with breast cancer. In this case, based on the tumor expression profile of a 
high expression of Topo I and a low level of TS, the patient was successfully treated 
with FOLFIRI, a combination regimen frequently used in metastatic colon cancer. 

TNBC is a subtype of breast cancer that is refractory to some of the most effective 
therapies available for breast cancer treatment, including HER2-directed therapy and 
endocrine therapy [12]. Metastatic TNBC presents with higher rates of visceral 
metastases, has a relatively shorter median survival of 7-13 months, and has a limited 
duration of response to successive lines of chemotherapy (median response duration of 
12 weeks to first line, 9 weeks to second line, and 4 weeks to third line] [13]. Clearly, 
there is an obvious need for alternative therapeutic strategies targeted to TNBC, as well 
as biomarkers that predict tumor response and resistance. Identification of genes 
differentially expressed in normal and tumor tissues may help in understanding tumor 
development, in discovering diagnostic and prognostic markers, and in identifying 
novel targets for drug therapy [12, 13]. It has long been recognized that interpatient 
variability in response to chemotherapy is associated with different outcomes. The 
findings of overexpression of Topo I and underexpression of TS in the tumor sample, 
and the observed near complete clinical response with irinotecan and a 
fluoropyrimidine-based regimen in this case are interesting; they are consistent with 
previous reports in other cancers [14, 15]. The activity of Topo inhibitors and the 
potential usefulness of Topo expression as a biomarker should be further tested in 
prospective studies. Another interesting observation is the overexpression of AR in our 
patient's tumor sample. The expression of AR was found in about 20% of patients with 
TNBC, which correlated with the aggressive biological behavior of the tumor [16, 17]. A 
phase II trial (NCT 004687150) is now testing the potential role of AR expression as a 
target for novel endocrinotherapy in TNBC [18]. 

The clinical assessment of response or failure to treatment usually requires a 
relatively long observation time. Tumor markers may provide early indication of 
effectiveness, thus driving cost-effective changes in therapeutic strategies in such a 
case. Recently, there has been a renewed interest towards tumor markers thanks to the 
meaningful changes in the management strategy of breast cancer patients. The high 
baseline level of the mucin 1 (MUC-1) serum marker at diagnosis and the correlation of 
tumor marker changes with clinical and radiographic response were noteworthy. The 
MUC-1 antigen is expressed in more than 90% of TNBC [19, 20], supporting the theory 
that MUC-1 may be a potentially useful biomarker as well as a target for a novel 
therapy. The MUC-1 gene encodes a cell-associated mucin-like antigen, and different 
antibodies may be used to detect different epitopes. CA 15-3 and CA 27.29 are two 
related monoclonal antibodies that detect epitopes encoded by the MUC-1 gene [19, 
20]. 

To summarize, we report an unusual case of CUP in a female patient who was 
successfully treated with second-line chemotherapy based on her tumor profile. 
Although no meaningful correlations or conclusions regarding the impact of the 
expression profile on efficacy of therapy can be drawn from a single case report, the 
usefulness of molecular profiling-based chemotherapy, and its impact on patients' 
outcome, should be tested further in future prospective clinical trials. 
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Fig. 1 . FDG-PET/CT scan before (a) and after (b) chemotherapy, a Left level 3 large conglomerate 
mass (max. SUV of 10.5), left superior mediastinal large conglomerate mass (max. SUV of 7.8), 
numerous abnormal FDG uptakes involving skeletal structures, and multiple segmental liver 
abnormal FDG uptakes, b Markedly decreased hypermetabolic involvement of bulky masses 
involving the left neck, left cervical and left thoracic inlet. Near complete resolution of 
hypermetabolic liver metastases. Interval complete resolution of hypermetabolic left lower lobe 
pulmonary nodule and osseous lesions. 
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Fig. 2 . H&E sections from the liver lesion biopsy demonstrated clusters of neoplastic cells in portal 
areas with a focus of angiolymphatic invasion (arrow; a). The tumor cells are positive for CK7 (b) and 
OC125 (c), while negative for estrogen receptor (d) and BRST-2 (e). 
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Fig. 3 . Immunohistochemistry findings of the neck mass biopsy. H&E sections of poorly differentiated 
adenocarcinoma (a), Topo I (b), Topo II-a (c), thymidylate synthase (d), and androgen receptor (e). 
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